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Old-Growth Forests: What Do We Know
About Their Ecology and Management
in the Southwest and Rocky Mountain Regions?"
Merill R. Kaufmann, W. H. Moir, and W. W. Covington?

This paper reviews the science and management of old-growth forests and summarizes discussions among 30
participants at a workshop in Portal, Arizona, March 9-13, 1992.

Concepts of old-growth forests -- the perceptions, values, definitions, characteristic features, ecological
functions, and landscape importance -- vary widely. Because concepts are complex, scientists, resource managers,
and the public will continue to bring old growth into clearer focus as knowledge is gained. Regardless of the
concepts chosen for viewing old growth, on an ecological basis old-growth forests represent a stage in forest
development characterized by certain structural, functional, and compositional features.

Managers are concerned with how much old growth exists, where it is, and what condition it is in. Improved
inventory procedures are needed, including both remote-sensing technology and conventional on-the-ground
procedures. Where will tomorrow’s old growth be found, and how soon will younger stands attain old-growth
conditions? Pathways of forest succession into old growth are poorly known for most forest types. We need better
knowledge about how disturbances such as fire, insects, forest diseases, exotic organisms, pollution, and changing
climate affect old growth and forest succession.

Allocation is another problem for planners. How much old growth is enough? How many stands should be
old growth at any given time, what are the sizes and shapes of the stands, and how should they be distributed over
various forest habitat types? How should old-growth stands be connected by forest corridors, and how are their
functions modified by their setting? These are difficult but researchable questions. Lacking clear answers to these
questions, should managers find clues from pre-European settlement forests? Is it reasonable to attempt to restore
forests to their natural conditions? Or have changes since settlement precluded returning to earlier conditions?

In this paper, we review our knowledge of the influence old-growth stands on biogeochemical cycles and the
roles of wildlife, decomposer organisms, cryptozoans of logs and snags, and other kinds of "hidden diversity." To
what extent are the legacy of old trees and other genetic reserves in old-growth forests carried into the future? We
know little about how present old-growth influences the development of future forest generations.

We conclude by looking at some tools for old-growth management. How can managers use fire or
silviculture to assure future old-growth supplies, while at the same time meeting present and future extractive
demands? Can younger stands be "treated" to hasten their development into old growth, or can existing old growth
be altered without seriously compromising old-growth value?

INTRODUCTION guide forest management and presents the most critical
research needs. It is not our intent in this summary

This volume of papers, given at a workshop on article to review the literature., Rather, we refer to

old-growth forests, represents much of what is known
about old-growth forests of the central and southern
Rocky Mountains and Southwest. This summary paper
reviews the current state of knowledge available to

! Summary paper of the Old-Growth Forests in
the Rocky Mountains and Southwest Conference
(Portal, AZ, March 9-13, 1992).

2 M. R. Kaufmann is Principal Plant
Physiologist and W. H. Moir is Principal Plant
Ecologist, Rocky Mountain Forest and Range
Experiment Station, Fort Collins, CO. W. W.
Covington is Professor of Forest Ecology, Northern
Arizona University, Flagstaff, AZ.

specific papers in this volume for relevant literature on
individual topics.

Old-growth forests in the central and southern
Rocky Mountains and Southwest have important
biological and social values. Certain ecological
characteristics of old-growth forests are unique, and
because of these features such forests provide a
necessary component in the forest landscape.
Important biological values of old growth include
habitat for a variety of animal and plant species,
biodiversity and pools of genetic resources, and
long-term biological records of climate. Old-growth
forests also are valued for supplying economically
important forest products, recreational experiences, and
cultural (spiritual) heritage. Of these, perhaps the most



compelling mandate for old-growth conservation is its
role as habitat for organisms which, over evolutionary
time, have become dependent upon old-growth
conditions.

Many geographic areas in the Rocky Mountains
and Southwest have experienced a sharp decline in
virgin forest in the landscape, and in some forest types,
old-growth forest has been reduced to a fraction of the
amount existing before settlement. Nonetheless, there
is a tremendous opportunity for retaining or enhancing
biological features unique to old-growth ecosystems.
In Europe and Asia, in the rainforests of Brazil, and in
the eastern United States, many forest areas have been
either exploited through intensive and often repeated
harvest or impacted by deterioration in air and soil
quality to the point that the existence of old-growth
forests in a historical condition is nearly impossible.
That point has not yet been reached in the central and
southern Rocky Mountains and Southwest, but threats
to old-growth forests in the landscape are real and
substantial.

Perceptions of Old Growth

An issue surfacing repeatedly at the workshop
and elsewhere is the application of the term "old
growth." The subjective "feel" of what constitutes high
quality old-growth forests varies tremendously among
individuals and may differ from scientifically
determined ecological conditions that characterize old
growth. It is important to recognize these differences
because they represent the range of expectations placed
upon forest lands by the various viewers and users.

Consider three contrasting forest scenarios
discussed at this conference. These scenarios are
described to illustrate that the issue of old-growth
quality is very complex. First is a mature Engelmann
spruce/subalpine fir ecosystem found low on a
north-facing slope near the riparian zonge (Fig. 1). This
forest has multiple canopy layers, a number of large
trees (some of which are in poor health), a number of
snags and large down logs, and a few very old stumps.
Second is a ponderosa pine forest having relatively few
very large, old trees intermixed with many smaller trees
in several additional canopy layers (Fig. 2). Large and
small down logs occur, but there are no signs of prior
harvest or other silvicultural intervention. Third is a
small stand of very old limber pine trees on a rocky
outcropping with little soil (Fig. 3). The trees are only
a few meters tall and are widely spaced.

These stands may be viewed very differently by
various individuals. The spruce/fir stand may be rated
by most viewers as the highest quality old-growth
forest of the three described because of the complex

Figure 1. Mature Engelmann spruce-subalpine
fir stand in the San Juan Mountains, Colorado.

Figure 2. Old ponderosa pine with saplings
filling in a small meadow. From the Monument
Canyon Research Natural Area, New Mexico.



Figure 3. Limber pine trees 1,500 years old
near Red River, New Mexico (photo by Ann Lynch).

stand structure, numerous big trees, and the large
amount of dead and down material. However, a close
examination may reveal that the oldest trees are only
200 years old and hardly approach the maximum age or
size supported on that site. Furthermore, the dead and
down material may have resulted from normal thinning
as the stand matured and not from the decline of the
oldest trees in the stand. Thus from a stand
development view, the stand may barely qualify as old
growth at all. Such a stand may satisfy a viewer’s
perception that "large"” means "old," and it may well
meet wildlife needs for a diverse stand structure, but
ecologically the stand may not even be old growth.

The ponderosa pine stand has majestic old trees
and no signs of disturbance. Many viewers might
judge this stand to be ideal old growth because of the
relatively high tree density and multiple canopy layers
plus the presence of large old trees and dead and down
logs. Yet this stand may be a far departure from the
classic old-growth ponderosa pine forest of
pre-European settlement times, because fire
suppression has allowed the development of several
younger age classes of trees and the accumulation of
dead material on the forest floor (Covington and
Moore, this volume).

The limber pine stand meets few viewers’
expectations for an old-growth forest. The trees are

very small and widely spaced, giving the stand little
"feel” that it is old growth. Yet these trees may exceed
1,500 years in age and the stand is truly an ancient
forest (Swetnam, this volume).

Researchers and managers of all disciplines
interested in old-growth forest structure and function,
as well as individuals and groups attaching significance
to old forests perceived to be old growth, must strive to
adhere to scientifically credible terms and concepts.
Doing so will help reduce conflicts over the many and
often conflicting goals that old forests are expected to
serve. In this regard, it is important that hidden
agendas be addressed clearly and openly. While issues
such as maintaining roadless areas, providing habitat
for threatened or endangered species, sustaining the
economic viability of a community through timber
harvest, and honoring the cultural heritage of forests
are very important, it is also important to apply those
issues to old-growth forests only when the issues are
appropriately linked specifically to the old-growth
condition. By being clear about definitions and goals,
it may be possible to limit conflict and
misunderstandings and better resolve resource
management problems, especially when forest lands are
expected to meet goals that may not involve the
requirement for true old-growth conditions.

DEFINING OLD GROWTH

The process of defining old-growth forests has
been difficult because of the range of issues related to
the old-growth condition. Because of this confusion,
no single value has been universally accepted as the
defining characteristic of old-growth forests. For
example, in silviculture, forest ecology, and
ecophysiology, the successional pathways and
structural and functional aspects of stand development
may be critical in definitions of old growth (Moir, and
Kaufmann, this volume). In dendrochronology, the
presence of very old trees may be the most important
feature (Swetnam, this volume). For animal habitat,
stand structure may be highly important (Reynolds, this
volume}, and for planning purposes, an easily applied
forest structure/composition/age classification may be
necessary (Mehl, and Lowry, this volume). For
spiritual value, the presence of large trees and the lack
of obvious human disturbance may be critical (Kramer,
this volume).

Definition versus Characterization
In some cases the term "old growth" has been

used in ways that distort or at least blur the ecological
basis for distinguishing old growth from other stages of



forest development. Thus stands having features
similar to those of certain old-growth forests, including
multiple canopy layers with mature trees and
considerable amounts of dead and down material, may
be incorrectly termed old growth because they lack old
trees. Stands having large trees that are not old may be
perceived as old-growth stands even when the trees
have not reached an old age for that site. Alternately,
stands having old trees that are not large may not be
perceived as old growth when they really are.

Another difficulty in characterizing "old
growth" stems from applying strictly structural
concepts in perceiving old-growth forests, when
functional concepts also are important (Kaufmann, this
volume). Functionally, old-growth ecosystems are
characterized by having a component ("cohort") of old
trees that have a biochemistry of secondary metabolic
products, some of which may provide high resistance
to insects and disease. Relative to younger trees, the
oldest trees have approached their maximum size and
have nearly ceased height growth, and the tree crowns
may be in various stages of decline. On average, the
rate of production of new biomass is offset by mortality
and respiration, and net productivity of the ecosystem
is near zero. These functional aspects provide
important additional constraints as to which forest
stands qualify for the old-growth designation and
which do not.

A final difficulty in old-growth characterization
is deciding the extent to which old growth should
resemble primeval or presettlement conditions.
Livestock grazing, fire suppression, and logging have
brought about substantial changes in most western
forests, so much so that current forest conditions may
be decidedly "unnatural” from an evolutionary point of
view. Where this is the case, certain species dependent
upon presettlement ecosystem structures and functions
may be at risk. Thus from a biological conservation
perspective, contemporary "old growth" conditions
may be inadequate habitat in many western forest
types. Under these circumstances, ecological
restoration treatments (¢.g., elimination of exotic
species, reintroduction of native species, prescribed
burning, thinning, snag or down tree creation) may well
be necessary for providing critical habitat (Covington
and Moore, this volume).

As a step toward better understanding of
old-growth ecology and management, scientists in the
U. S. Forest Service and in universities and other
agencies have gone to considerable effort in recent
years to develop a general definition for old-growth
forests. Given some of the confusion regarding how
the term "old growth" is used, it seems worthwhile to
present the definition developed by the U. S. Forest

Service and approved by the Chief of the Forest
Service, and to discuss how it applies specifically in the
Rocky Mountains and Southwest.

Agency Generic Definition

The Generic Definition (USDA Forest Service
1990) is as follows:

Old-growth forests are ecosystems distinguished by
old trees and related structural features.

Old-growth encompasses the later stages of stand
development that typically differ from earlier stages
in several ways including tree size; accumulations
of large, dead, woody material; number of canopy
layers; species composition; and ecosystem
function.

Workshop attendees suggested that for certain
forest types, most notably ponderosa pine that
historically was influenced by frequent fire, this
definition is somewhat restrictive, particularly
regarding the accumulation of coarse woody debris,
number of canopy layers, and species composition.
The group suggested the following General Definition
for Old-Growth Forests in the Central and
Southern Rocky Mountains and Southwest:

Old-growth forests are ecosystems distingnished
by old trees and related structural features., Old
growth encompasses the later stages of stand
development that typically differ from earlier
stages in structure, composition, function, and
other attributes.

This definition is broad and workable for
communication, but the definition does not permit us to
recognize old-growth stands. For this we turn to
structural characteristics, which in turn reflect
functional ecosystem processes. The group suggested
slight rewording of the old-growth description to make
it more appropriate for the central and southern Rocky
Mountains and Southwest. The reworded Description
is:

Structural features that characterize old growth
in the central and southern Rocky Mountains
and Southwest vary widely according to forest
type, climate, site conditions, and disturbance
regime. Old growth is characteristically
distinguished from younger growth by some but
not necessarily all of the following attributes:



« Large trees for species and site.

« Wide variation in tree sizes and spacing
between trees.

« Relative to earlier stages, high accumulations
of large, dead standing and fallen trees.

 Decay in the form of broken and deformed
tops or bole and root rot.

* Multiple canopy layers.

« Canopy gaps and understory patchiness.

"QOld" is not necessarily virgin or primeval.
Structure and function of an old-growth
ecosystem may be influenced by its stand size
and landscape position. Given sufficient time,
old growth can develop following human or

natural disturbances, such as logging or wildfire.

While there has been some concemn expressed
that old-growth forests in the Rocky Mountains and
Southwest are different from those in the Pacific
Northwest, the definition and description published in
1990 as slightly refined here are appropriate in both
geographic regions if properly applied. For example,
only some of the descriptive elements above may be
appropriate. The accumulation of large amounts of
dead and down material and multiple canopy layers
may be significant characteristics of some forest types
(e.g., old-growth spruce-fir). But in presettlement
old-growth ponderosa pine stands, the frequency of fire
contributed to open stands of large trees having little
dead and down material and perhaps only one canopy
layer (Covington and Moore, Harrington and Sackett,
this volume). Similarly, very old limber or bristlecone
pine trees may develop in highly stressful sites and
reach only a few meters in total height, but for those
sites the trees are large.

Variables in the Characterization of Old Growth

Missing from the old-growth definition and
description above is any mention of specific tree age or
size, or density of old trees in the stand. While initial
attempts to inventory old-growth forests have required
the development of preliminary quantitative
descriptions for each forest type (Mehl, this volume), it
is clear that certain features of old-growth stands vary

depending on site productivity and geographic location.

Within a forest type, old-growth stands may be found
in a number of habitat types and across a wide range of
physiographic settings (Robertson, this volume).

Thus the characteristics defining the old-growth
condition, particularly those involving tree size, age,

stand density, canopy structure, and the accumulation
of dead materials, may be very different among sites
and habitat types within a forest type. This precludes a
strict use of "minimum" characteristics in old-growth
definitions when "old growth" is meant to include all
forest stands meeting ecological criteria for this

stage of forest development.

Two particularly pressing research needs are to
determine how presettlement forest conditions varied
among forest types, habitat types, and site conditions,
and to clarify how the minimum criteria should vary
accordingly. Such research requires an extensive field
data base including samples from a matrix of
site/habitat combinations. In the absence of such a data
base and analysis, it is nearly impossible to determine
the criteria to be used in the inventory and management
of old-growth forests in the landscape without either
excluding a number of true old-growth stands on
poorer sites or including marginal old-growth stands on
better sites. It may be possible, if the data base is large
enough, to develop a classification model in the form
of a key for old-growth conditions that accounts for
variation in old-growth characteristics among habitat
types and sites.

OLD GROWTH QUALITY

Many of us have been conditioned to believe
that stands of big trees are old growth, when
biologically such stands may not be good examples of
late developmental stages for the forest type in its
specific site condition. Some of us believe that signs of
human disturbance such as skid roads and stumps
seriously weaken the quality of an old-growth stand,
when from an ecological point of view such evidence
of disturbance may have little to do with the structural
and functional features characterizing old growth or its
value as animal habitat. A recreationalist seeking time
in a pristine forest, or an individual secking spiritual
value, may be disturbed by rotting stumps in an
old-growth forest but may be satisfied by an unroaded
and undisturbed mature forest not meeting old-growth
criteria. Some people may view a pine forest having
multiple canopy layers and many down logs as ideal
old growth, while from an ecological view such forests
reflect significant disturbance in the form of fire
exclusion.

We propose that the approach to old-growth
definition in the previous section is the most
appropriate one in many cases because it is
ecologically sound and it is useful in decision-making
processes regarding the inventory and management of
old-growth forests in the landscape. We recognize that
other values also are important, and we suggest, in



keeping with earlier remarks in this paper, that other
terminology or concepts be used when dealing with
wildlife habitat, visual or spiritual issues, etc., that in
some cases may not require old-growth conditions to
be present.

Disturbance and the Issue of Quality

Evidence of prior disturbance may affect how
observers view an old forest. Some old-growth stands
may have survived many centuries with no human
intervention and with little change in history of biotic
or abiotic disturbance. The question of disturbance is
not a simple one, however. Many stands have no
evidence of prior silvicultural activities, but fire has
been effectively removed as a natural process during
most of this century, and in some cases insect or
disease control treatments have been applied. Thus
large areas of presumably undisturbed forest have, in
fact, taken on a structure quite different from what
might have existed had natural disturbance regimes not
been interrupted.

Many ponderosa pine forests, for example,
historically had fire return intervals of less than every
decade. But since the beginning of this century, fires
have been excluded almost completely, with the result
that new age groups of trees and considerable amounts
of dead material exist in stands that otherwise might
have had the classic, park-like appearance with
numerous grassy openings characteristic of
presettlement times. Fire suppression has resulted in
much higher numbers of trees per area and the loss of
most openings. And when fires occur, they often are of
such intensity that the entire plant community is
replaced.

Ecologically, many forested areas that now exist
should be considered disturbed by fire suppression
even though no other signs of human disturbance are
found. Little is known, however, about how various
observers and users of forest lands view fire
suppression and other signs of human disturbance
(such as evidence of silvicultural activities) as impacts
on the quality of old-growth forests.

OLD-GROWTH FORESTS IN THE LANDSCAPE
Landscape Issues

Old-growth forests historically constituted a
significant component of the landscape mosaic,
providing an array of features not found in forests at
other developmental stages. Many very important
questions are being asked about old-growth forests in
the landscape. Some of these questions have been

addressed above, such as why old-growth forests are
needed and how they are recognized. Numerous other
issues emerge when Forest Plans are appealed or
subject to revision or when the ecology of old-growth
forests is considered:

¢ How much old growth is enough?

o How serious is the impact of various
management practices upon fragmentation, and
how is fragmentation measured?

e Are old-growth forests found more frequently in
some plant associations than in others?

e How large should old-growth stands be, and how
should they be buffered by mature forests or by
corridors that connect to other old-growth
patches? Are the concepts of corridors and
distribution useful in a naturally fragmented
landscape?

e What organisms do patches and corridors serve?

o How do different alternatives in Forest Plans
affect biological diversity within patches and
the overall landscape diversity?

o What were the structure, composition, and
geographic/topographic forest patterns (which
included old growth) during presettlement
times?

e How has fire suppression (or other broad-scale
changes) during the last century affected
old-growth conditions for wildlife habitat,
epicenters of insects or plant pathogens, or the
propagation of large-scale disturbances?

e How are ecological processes different in
old-growth forests compared with other stages
of development?

e How can the transitions into and out of the
old-growth state be evaluated?

e What is the role of old growth in the
development of subsequent forests on a site?

It is noteworthy that the important management
questions also are priority research questions.
Scientists and managers attending the workshop
suggested that cooperation of researchers and managers
is essential when dealing with landscape issues.
Because of the large scales of space and time that are
relevant for landscape processes, it is necessary that
science and management cooperate in making
scientifically sound management decisions while being
aware that experimentation to answer a number of
landscape questions may not be practical. The most



likely contribution of science to management at a
landscape scale will be the development of appropriate
ecosystem models that can be used to assist managers
with landscape issues.

Biodiversity

Old-growth forests are considered by scientists
and managers to be an important component of
biological diversity, or "biodiversity,” which is the
richness and distribution of different forms of life in an
area. The contribution of old growth to biodiversity
occurs at all spatial scales. In the landscape,
old-growth stands provide structural and functional
contrasts to younger forests. The number of
old-growth forest stands and their sizes and
arrangement in the land contribute to landscape
diversity. Scientists need to test various measures of
landscape diversity for usefulness to forest managers.
A research problem is to relate measures of landscape
diversity to how landscapes are functioning in terms of
various treatments and outputs such as water yield,
nutrient cycling, recreation visitor days, or wildlife
population levels.

Old-growth forests may be the preferred habitat
for certain microbes, fungi, bryophytes, and higher
plants (Romme et al., this volume). They are known to
be the preferred habitat for a number of vertebrate
species, such as martens, flammulated owls (Reynolds,
this volume), or animals requiring tree cavities for
reproduction. Animal populations of species preferring
old growth are limited not only by the size of
old-growth stands, but also by the number and
arrangement of stands in the landscape. However,
research lags far behind the manager’s need to know
about minimum viable populations, as illustrated for
example by the Mt. Graham red squirrel on the
Coronado National Forest in Arizona.

Much of the diversity within old-growth forests
is associated with the numerous detrital and other
heterotrophic food webs (e.g., metabolism based upon
respiration rather than upon photosynthesis).
Old-growth stands are rich with fungi and other
microorganisms (such as nitrogen-fixing bacteria
associated with rotting wood). These in turn support
myriads of cryptic (hidden) micro-arthropods and other
invertebrates in intricate food webs. Many small
mammals include fungi in their diet; furthermore, their
fecal pellets may function as mycorrhizal inoculum or
fertilizer for germinating seeds. Several camivores,
such as woodpeckers, plethodonid salamanders (Scott,
this volume), certain kinds of hymenopterans (e.g.,
bees, ants, wasps), or roaming black bears cap these
food webs. This diversity is more complex in

old-growth forests than in younger stands in part
because of the numerous kinds and amounts of
chemical energy accumulated in wood and litter. For
example, decaying wood is an important microsite
governing ectomycorrhizal activity in forest soils
(Larsen et al., cited in Moir, this volume).

At the genetic level, old-growth forests may
harbor genotypes of species adapted to later stages of
forest development and thus different from their
genetic cousins in younger forests. Considerably more
work is needed, however, to elaborate upon this theme.
Indeed, the difficulty facing forest managers and
researchers is that so little is known about the
requirements of most of the species in old-growth
ecosystems. Although animals such as Northern
goshawks or Mexican spotted owls may symbolize
old-growth dependency, knowledge about the breadth
of ecological and habitat tolerances is often lacking
even for them.

Research also is needed on the manner in which
the biodiversity of old-growth forests contributes to the
functional health of forests that follow. This has
important implications in residue management and
other practices that provide a structural link between
successive forest generations.

Ecophysiology of Old-Growth Trees and Stands

The behavior of old-growth forests with regard
to the carbon, nutrient, and water resources is
understood in a general sense, but many specific
questions have not been answered. It is known that at
the late developmental stage we refer to as old growth,
the net productivity of the ecosystem approaches zero
and may even become negative. This means that newly
produced biomass is offset, on average, by
heterotrophic respiration plus mortality of individual
trees or tree parts such as foliage, branches, and roots.
It is also believed that as trees age, they not only
experience a decrease in productivity in the form of
reduced leaf area and growth, but they also undergo
certain changes in secondary product metabolism
resulting in biochemical changes in plant composition
that may be related to increased resistance to insect or
disease attack.

Many of the details of these processes are not
understood for each forest type, nor is it clear exactly
how the ecophysiological characteristics of old trees
can be used to judge when a mature stand reaches
old-growth status or when an old-growth stand
deteriorates to the point it no longer functions as an
old-growth ecosystem. It seems clear, however, that a
stand does not qualify for the old-growth status if none
of the oldest trees have reached the conditions in which



general vigor is being lost and no structural and
functional changes accompanying longevity and
senescence processes are occurring.

It is also obvious that some conditions required
for achieving old-growth status can occur in stands that
have had prior silvicultural treatment (including
harvest), and it may be possible to influence, through
silvicultural intervention, the development and
persistence of the old-growth condition. Recent
analyses of the growth history of old lodgepole pine
trees has shown that trees presently having low leaf
area and approaching mortality grew more rapidly
during their first 100 years, compared with neighbor
trees of the same age, height, and bole volume but
currently having high leaf area (Kaufmann, this
volume). This suggests that trees growing rapidly early
in the life of the stand became the first trees reaching
old-growth status. The trees growing slower initially
but surviving to old age now extend the time during
which the old-growth status occurs.

How this applies to even-aged stands of other
forest types or to uneven-aged conditions is not known.
It seems reasonable, however, to suggest that
manipulation of stands early in their development may
have considerable influence over their old-growth
characteristics, and careful treatments may improve the
character and longevity of old-growth stands. This is
discussed more below.

Forest Development and Synchrony
of Old-Growth Characteristics

Forest community development is both a
stochastic and a deterministic process. The incidence
and intensity of stand-altering events such as fire,
climatic fluctuations, windthrow, insect attack, disease
outbreak, regeneration success, stress-induced
mortality, and other biotic and abiotic variables are
highly unpredictable. The developmental trajectory by
which forest communities reach the old-growth
condition may vary widely within forest types both
within and across geographic regions. Consequently
the desirable features of old-growth stands may not
peak at the same time in different environments, and
considerable latitude is required in classifying stands.
This is why, in the old-growth description given earlier,
only some of the descriptive characteristics can be
expected to occur simultancously. Furthermore, certain
characteristics are not equally expressed for all forest
types. For example, the accumulation of coarse woody
debris and development of multiple canopy layers are
important for old-growth spruce/fir forests, but perhaps
the best examples of old-growth ponderosa pine would
be the rare cases in which fire has continually limited

the accumulation of coarse woody debris and the
development of younger age classes of trees.

Relatively little is known about the range of
successional pathways that can lead to old growth, nor
is much known about how the different paths affect the
quality of the resultant old-growth stands. Itis
important to understand that the old-growth condition
is temporary. While stand-replacing disturbances may
be very infrequent in some locations, eventually they
are likely to occur. Some of the highest-quality
old-growth stands, such as the Engelmann
spruce/subalpine fir old-growth forest in Bowen Gulch
near Rocky Mountain National Park in Colorado, may
have had no significant disturbance for many centuries,
but such stands are the exception rather than the rule,
and even for those stands there is no assurance that a
major stand replacement disturbance will not happen in
the near future.

Seral stands can acquire old-growth
characteristics and can be classified as old growth.
Seral stands are expected to be transient, provided
conditions are appropriate for stand structure and
composition to change. However, climax stands also
are transient when considered at more comprehensive
scales of space and time, and there is little reason to
distinguish between seral and climax forest
communities when evaluating the old-growth
condition. The likelihood of more rapid loss of
old-growth characteristics may be higher in some seral
stands (e.g., aspen), however, and this may be a factor
in determining the rqle of seral old-growth stands in
landscape management.

In areas where low-intensity fires had been
frequent before settlement, the absence of fire during
most of this century has resulted in very different
developmental trajectories for stands. From an
ecological perspective, some old-growth characteristics
may still have developed, but the forests represent a
new kind of old-growth condition. The degree to
which novel stand conditions might be classified as old
growth depends on the role of functions or conditions
such as biodiversity, ecosystem health, and stability.
To answer this question correctly, information is
needed both about the ecological impacts (especially on
biodiversity) of the altered developmental trajectory
and the willingness of old-growth forest users to accept
a modified type of old-growth forest.

MANAGING OLD-GROWTH FORESTS
The Baseline of Comparison

The issue of whether or not to use management
techniques to affect the amount and quality of




old-growth forests, and whether any intervention is
permissible at all, must be evaluated against the
changes that have already occurred in all forests since
settlement by Europeans. All old-growth forests have
been impacted by man, whether or not the effects are
obvious. The most apparent impacts in the central and
southern Rocky Mountains and the Southwest involve
timber harvest in ponderosa pine, which has sharply
reduced the acreage of old-growth forests, and fire
exclusion, which has altered the structure of old-growth
stands that historically had frequent low-intensity fires.

Other impacts also have occurred. For example,
the pattern of old-growth forest distribution in the
landscape has been changed dramatically since
presettlement times, with much of the remaining
old-growth forest now relegated to less accessible areas
and perhaps to less-productive sites. The atmospheric
concentration of CO:2 has increased 40 % since the
mid-1800’s, and this may have far-reaching effects on
the development and stability of old-growth stands.
And there have been order-of-magnitude increases in
atmospheric deposition of certain chemicals containing
nitrogen, sulfur, etc., into forest ecosystems.

Given the variety of past, present, and future
impacts, an important question, in those situations
where managing for old-growth qualities is appropriate,
is the baseline of comparison. From a biodiversity
standpoint, presettlement conditions may be the most
desirable baseline, because those conditions
represented the natural system in all its detail and
complexity (Covington and Moore, this volume). Yet
over the near term, presettlement conditions may be
difficult to restore on any extensive basis, because of
the major impacts timber harvest and human
community development have had in forested areas. It
may not even be possible to restore presettlement
old-growth conditions on any spatial scale, because of
the unknown impacts of increased CO2 in the
atmosphere and increased atmospheric deposition of
chemicals.

Thus the question of old-growth management
and the issue of selecting an appropriate baseline
requires increased knowledge about changes that have
occurred since settlement impacts began and the degree
to which present physical and chemical environments
affect old growth and other ecosystems. These are
difficult issues, and it is likely that old-growth
management decisions often will have to be made with
inadequate knowledge of the ecological and
environmental consequences. It is important that all
management decisions, and even the decision not to
intervene with the normal ecosystem processes, be
done with clear understanding of the scientific knowns
and unknowns.

Silvicultural Treatment

It was suggested earlier that, given enough time,
it is quite possible for old-growth conditions to develop
in stands where prior human disturbance had occurred.
For example, a subalpine forest may have old
lodgepole pine trees in various stages of decline, with a
significant stand component of Engelmann spruce and
subalpine fir that has developed after harvest near the
turn of the century. Such stands may have a complex
structure and considerable amounts of coarse woody
debris, but also skid roads and very old stumps. The
oldest trees in these stands, chiefly lodgepole pine,
were left during the earlier harvest, and presently they
help the stand meet some old-growth criteria.

While for certain uses past or future disturbance
is not considered acceptable, there may be important
situations in which silvicultural intervention is highly
desirable to improve the quantity, quality, distribution,
or duration of old-growth forests in the landscape. An
example is ponderosa pine along the Front Range in
Colorado, where old-growth stands are scarce. It may
be possible and desirable to enter such stands and alter
the structure, age distribution, and amount of coarse
woody debris to favor the development of old-growth
features. Such an effort could be part of a program to
restore some of the desirable qualities of the ecosystem
(biodiversity, etc.) that had existed before settlement,
harvest, and fire suppression so drastically altered the
landscape.

Reintroducing Fire

It is clear from discussions above that fire
suppression since settlement of the West has had major
effects on forests. It was the conclusion of the
workshop participants that fire be used in forest
ecosystem management because historically it has been
a very important ecological process in most, if not all,
forest types in the central and southern Rocky
Mountains and Southwest. There are several forest
types in which fire is a critical natural element in the
forest landscape, and the effects are reasonably
well-understood. There are other types, however, for
which relatively little is known regarding the impacts
of fire, although it is known that total fire suppression
in the landscape is unrealistic.

The reintroduction of fire in landscape
management is not easy. The buildup of fuels has
reached such a level in many forests that any fire is
likely to be so intense that the entire forest community
will be replaced. Thus where fires historically were
frequent enough to help maintain old-growth
conditions, now fires may totally destroy the trees that



might otherwise have been protected by more frequent
fires (Covington and Moore, Harrington and Sackett,
this volume). Furthermore, human communities have
developed in many forested areas that typically had
frequent fires (particularly along the Front Range in
Colorado), and both the accumulation of fuels and the
presence of buildings severely limit prescribed burning
in most situations. Intense fires in some cases even
result in the destruction and replacement of the human
community development.

The accumulation of fuels during the extended
period of fire suppression has resulted in the
accumulation not only of large amounts of coarse
woody debris, but also in large amounts of litter
beneath large trees. Thus far researchers have not been
able to develop reliable techniques for using fire in
ways that prevent lethal temperatures from developing
at the base of trees as this accumulated litter burns,
even when fire is used in cool, moist seasons of the
year (Harrington and Sackett, this volume).
Considerable research is needed to determine how fire
can once again be made a more significant part of
landscape ecology. It may be possible to achieve some
of the structural effects resulting from fire by using
silvicultural techniques not aimed at timber harvest.
Research is needed on the potential for using
silvicultural treatments to simulate the effects of fire.

Inventory Techniques

Inventories of old-growth forests and of forests
that have potential for transition into the old-growth
condition are extremely important in forest planning. It
is critical that inventories are conducted using
guidelines with a sound scientific basis. Presently,
most inventory of old-growth forests is conducted
using some type of scorecard, often with both
quantitative and qualitative features (e.g., Lowry, this
volume). This has been a useful interim approach, but
considerable modifications are needed (Robertson, this
volume). The main problem with existing approaches
is that they almost totally exclude old growth on poorer
sites, because the scorecards make use of minimum
criteria relating to tree size and stand structure (Mehl,
this volume). Furthermore, certain scorecards favor
structural diversity that in some cases (e.g., ponderosa
pine) should be considered a quality-reducing factor
rather than a quality-enhancing factor, and little
attention is given to functional features that distinguish
old growth from other successional stages.

Several rating systems have been used to
quantify dead material on the forest floor, but not all
systems have been used to quantify all of the standing
and down dead material important in characterizing old
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growth. Convenient methods are needed to evaluate all
portions of the accumulated dead materials in forest
communities, including their states of decomposition.

Research also is needed to improve inventory
techniques for detecting old-growth forests at the
landscape scale. The scorecard approach has evolved
on individual National Forests, often with major
differences in criteria among Forests for distinguishing
old growth in similar forest types. General guidelines
are needed for conducting inventories over large
geographic areas. This research requires not only
increasing our understanding of how old growth varies
among sites and habitat types within forest types (see
discussion above), but also improving the technology
for completing accurate inventories. The development
of remote sensing techniques (Nel, this volume) holds
considerable promise for conducting broad-scale
inventories.

Ecological Knowledge for Management

Synthesizing current and future scientific
knowledge into a format useable in natural resource
management is a formidable task. The necessity for
addressing the likely ecological consequences and
environmental impacts of various management
scenarios (including no action) at comprehensive
spatial and temporal scales overwhelms conventional
approaches for integrated resource analysis. A central
conclusion of working sessions at this meeting was that
spatial and temporal ecological modeling coupled with
formulations of desired future conditions is needed to
support analyses not only for old-growth management
decisions but also for landscape management in
general.

Additionally, we concluded that management
experiments and demonstration areas at the landscape
level would be necessary for testing hypotheses and
developing models that can aid decision-makers in
guiding both research and management. To
accomplish these tasks, improved access to remote
sensing technology, geographic information systems,
process-based simulation models, and other advanced
technologies is necessary both for researchers and for
managers.

CONCLUSIONS

It is clear from the wide array of topics covered
in this volume that although much is known about
old-growth forests in the central and southern Rocky
Mountains and Southwest, many important questions
remain unanswered. It is the responsibility of
researchers to address these questions, because without




adequate scientific answers, it is likely that serious
mistakes will be made that could have long-term
negative environmental and ecological consequences.

At the same time, it is the responsibility of
forest managers to incorporate the most up-to-date
scientific knowledge in making decisions about the
management of forest landscapes to protect and
enhance the unique values of old-growth forests. Itis
also important that scientists and managers
acknowledge those areas in which scientific knowledge
is inadequate, to proceed cautiously when that is the
case, and to inform researcher leaders and interested
members of the public of such problems.

Some of the changes imposed on the forest
landscape since settlement began presently restrict
management options in the near future. Yet we have a
tremendous opportunity to turn the pattern of change
into a more positive one. This can be done through
appropriate integration of sound scientific principles
into guidelines for managing forests in ways that meet
both present and anticipated future needs. It cannot be
done by science alone, or by management alone, or by
overreacting to the demands of narrowly focused
interest groups. Managing old-growth forests in the
landscape requires a long-term landscape perspective
supported by informed communication among
scientists, resource managers, and the public.

1"



Ancient Forests — The Human Aspect’

Carveth V. Kramer?

A get-together with our ancient forests -- the idea was to bring
together people's hearts, heads and our ancient forests. This field
workshop brought people together to develop common ground on what
the ancient forest means to us. We all listened and talked about the
ancient forests and their link to the options of the future. This
get-together provides the framework around which we discuss the
human aspects of the ancient forest. Are people a part of the forest?
Or, are people apart from the forest? Can we any longer talk of people
as something separate and alien from the environment?

INTRODUCTION

There are ancient stories called Koans, which
are centuries old allegories on the meaning of life.
This story is of a Zen Buddhist master.

A young, world renown expert on our ancient
forests went to visit this master. The master
greeted him with a bow. His guest explained that
he knew much about the ancient forests, but he
was not able to reach his goal. "I want to be able to
use all that I have learned on the ancient forests
and help people. But it seems that the more I
learn, the harder it is to help. For as I learn, it
opens up the doors on knowledge even wider and I
see all that I do not know. It is becoming harder
for me to help others, not easier.”

As his guest spoke, the master reached for a
pot of tea. He handed his guest a cup and started
to pour the tea. The cup slowly filled. The tea
came to the top. He kept on pouring. It overflowed.
He kept on pouring. "Stop! Stop!" cried his guest.
"My cup is full! My cup is full!" he exclaimed.

"This is true." said the master. "You are filled
with your own judgments and speculations. ,You
must return to our ancient forests as a child, with
an empty cup,” he explained.

Many of us come with cups full. We come with

'Paper presented at the Old-growth Forests
in the Southwest and Rocky Mountain Region
Symposium, March 9-13, 1992, Portal, Arizona.

*Forest Planner, Carson National Forest,
P.0O. Box 558, Taos, NM 87571.

a sincere desire to share and help others. This we
must do. But let us not forget to come as children,
with an empty cup, a cup which we will use to
listen and to learn. Let us make new connections
about our ancient forests. Let us put on new
growth.,

And this is your first step. This paper is like no
others. Some will say, "It's out of place and
unscientific." Others will say, "It's right on!"

They will all be right. It is out of place.
unscientific and right on.

1 was asked to prepare this paper to help set
the stage, to develop a context for the symposium,

Figure 1. Luis Torres talks of rebirth in the
ancient forests.



to place a different perspective on our ancient
forests. As John Keats said, "The only means of
strengthening one's intellect is to make up one's
mind about nothing -- to let the mind be a
thoroughfare for all thoughts." (John Keats. Letter
to George and Gorgiana Keats, September 17-27,
1819).

The title of this paper, "Ancient Forests -- The
Human Aspect", was carefully chosen. Some will
feel uncomfortable with my choice of the words
"ancient forests" -- preferring "old growth". Let me
explain why both terms, ancient and forests, are
key.

I use the term "forest” to refer to the enfire
ecosystem. The term forest conjures an image of a
complete package. I see the air, birds, trees, fallen
leaves, streams, soil, ants, fungi, mirco-organisms,
all the chemical processes and yes, human beings.

Some may not prefer the word "ancient”
because it is a word in vogue with many in the
general public. They feel it may not appear
"scientific”. Also, it conjures up the idea of "old",
vet more. So old, it elicits respect. As it is said,
...the ancient is wisdom; and as the days lengthen,
so does understanding. It is precisely in this
context that I use the word "ancient".

With this background, I present -- our ancient
forests; all the wisdom and understanding
enshrouded in millennia of the intertwining
ecosystems of our earth.

PEOPLE...
...APART OF THE ENVIRONMENT?
...APART FROM THE ENVIRONMENT?

Think of the hydrologic cycle. The moisture
collects in the clouds. It rains. Water runs off into
streams and lakes. Water infiltrates into the
ground. Water is taken up by the plants. They
transpire moisture to the air. Water evaporates
tfrom the oceans. Moisture condenses in the air.
The cycle starts anew.

If we were to remove the clouds from this
cycle, we'd immediately exclaim, "How absurd,
there is a key element of the cycle missing." I
would agree. And if we removed any one of the
other elements in the cycle we'd exclaim the same
thing, "Something is missing." Well, the ancient

forest model used by many has something missing.
A key piece of the puzzle is left out -- people.

Understanding the whole forest cycle is much
like putting together a jigsaw puzzle -- a puzzle
with many pieces -- a puzzle of pieces within
pieces (fig. 3). We often overlook the pieces we
don't readily see -- the soil and the soil's
inhabitants. Fortunately, we are gaining a better
understanding, acceptance and support as to what
the different pieces are and how they interrelate.
But of all the pieces, there is one that is by far the
largest, the most obvious, the most multicolored,
the most complex, has the greatest impact on all
the other pieces and can rearrange or destroy the
other pieces -- yet is the least understood. That
keystone is us, we HUMAN BEINGS. I ask you to
join in increasing our understanding of our proper
role in the forest puzzle. Let's do something to
help all to better understand how the forest puzzle
fits together. Let us interact within the puzzle and
work with the larger global puzzle. Let's discover
our humanness within the forests.

Animals pass through the forests. They follow
their needs. We are the same. We too have needs
of the forests. The difference is that we latch on.
We learn. We understand. We modify our
behavior. We bring the forests to us and us to the
forests. We must look upon the forest and us as
one. To do otherwise is to pit one against the
other. To do otherwise is to ignore one piece of the
puzzle -- people.

Figure 2. A log nutures new growth.



Figure 3. Artist Peter Lloyd depicts Our Forests, Where Nature Celebrates Itself. This visually depicts
many of the key concepts developed in the Ancient Forests Get-Together held on the Carson National
Forest. It emphasizes that we often overlook those parts of the forests we don't see.
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Figure 4. At the Ancient Forests Get-Together, we saw, heard and felt ourselves and the ancient forest.

Let me take you back to a get-together we had
on the Carson concerning our ancient forests. I do
this to show how current scientific understanding
can and must be married with thoughts of the
public to result in management on the ground.

On August 14-17, 1989, the Carson National
Forest had an Ancient Forests Get-Together. The
first two days were classroom-style with each
speaker talking on various aspects of the processes
going on in a forest. We heard from:

Chris Maser -- The Biological Processes of the
Ancient Forests. Maser is a consultant and author
on sustainable forestry.

Bruce Milne -- Landscapes in the Southwest,
the Importance of the Size and Spacing of the
Plants, Millions of Acres at a Time. Milne is a
professor at the University of New Mexico in
Albuquerque.
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Dave Perry -- Soils (the part of the forest cycle
we often pay too little attention to). Perry is a
professor at Oregon State University in Corvallis.

Bill Mannan -- Role of Snags, Cavity-Nesting
Birds. Mannan is an associate professor of wildlife
ecology at the School of Renewable Natural
Resources at the University of Arizona in Tempe.

Stan Gregory -- Healthy Streams, the
Importance of Wood in Streams. Gregory in on the
faculty on Oregon State University in Corvallis.

Ray Lujan -- The Native American Soul and
the Ancient Forests. Lujan is from Taos Pueblo.

Luis Torres -- The Hispanic Soul and the
Ancient Forests. Torres is a native of Northern
New Mexico.

The next two days were in the field. We looked
at the processes and relationships discussed the



previous days and saw how they operate in the
Carson National Forest landscape.

On the last day Carson National Forest
employees got together and discussed what we
heard and where we wanted to go from here. The
public went along and "kept us honest".

The Carson forest supervisor set up a group to
work out a game plan on what to do next. It
included members of environmental organizations,
timber industry officials and employees of the
Carson National Forest. Together, they drafted a
proposed definition of old growth, a statement of
reasons to manage for old growth and an
amendment to the Carson Forest Plan.

The committee's recommendations were
combined with documentation of the four-day
get-together into a newspaper supplement. This
supplement received wide distribution locally. It
was also distributed throughout the U.S. and parts
of Canada. In the supplement, we asked for
further feedback. Videos and audio tapes of the
four day get-together were also made available on
loan to anyone wanting to use them.

From the interaction of participants and our
ancient forests many comments were expressed on
the value of the ancient forests.

o They are banks of knowledge about the
intricate, complex interrelationships occurring in
the forest ecosystem. They serve as blueprints for
the natural forest processes.

o They ensure that future generations will
have the opportunity to enjoy the benefits of
ancient forests and continue to expand upon our
knowledge and make informed decisions. They
guarantee that our children will have options
regarding the future of our forest ecosystems.

o They represent a high degree of biological
diversity that is essential for plant, animal and
human survival.

o They mirror our feelings, values, ethics and
attitudes toward our environment. The conditions
of our environment reflect our ability to co-exist in
harmony with our environment. Qur ancient
forests are a favorable reflection.
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o They are an important part of our national
heritage which we will pass on to future
generations.

o They are a source of inspiration, a place to
reflect upon ourselves and on the natural wonders
and mysteries of nature. They challenge us to
think about our role in nature.

o They provide a living story of nature in
balance, a story of life and death, predator and
prey, change and stability.

o They produce healthy feelings and emotions
which tend to bind us with nature. Nature
communicates to us through the ancient forests in
a spiritual sense that is beyond verbal
communication and seems to reach directly
through our souls.

o Aldo Leopold, a former forest supervisor on
the Carson, suggested an ethical aspect to
wilderness that could be extended to the ancient

Figure 5. We are a piece of the puzzle. We
acknowledge the need to manage the whole
cycle, and the need to leave options open for the
future. We must manage for a sustainable
forest, a sustainable forest we have a profound
influence upon.




Figure 6. We all must see more than the trees. We must manage as a blending of the land and the people.

It is no longer wise nor possible to separate the two.

us not be accused of being indifferent to any aspect
of the environment -- including people.

As scientists we have important knowledge
about a key concern, the ancient forests. We must
make ourselves aware of how our knowledge can
and should be used, for information out of context
is meaningless.

As noticed in our Get-Together, some people
cannot easily, or don't feel the need, to convert
their feelings into numbers or terms used by
scientists and managers. That is our job. We must
listen to what they say, and what they don't say.
Then we need to ask ourselves, how can we
interrelate their feelings with what we know of
the forests. Only then can we present information
in the proper form and context.

So, in our discussion and resulting technical
report, we need to be sure we give a firm
foundation . People need to know:

o What is wanted (i.e. How would they
recognize it if they saw it?)

o Where it is wanted.

o When it is wanted (Could be a point in time
or schedule. Also over what period of time?).

o Why it is wanted.

o How much is wanted and how we might get
there.

Chris Maser is unique in bringing science and
the people together. In his book, The Redesigned
Forest, he uses a strong analogy. "We, the people
of the United States, are like a great American
quilt. We too often pursue our science and our
technology in intellectual isolation of their
long-term consequences to the environment. Our
science and our technology are like isolated pieces
of a great, patchwork quilt with a largely random
arrangement and without a thread to either relate
the pieces one to the other or to hold them
together. ...we must adopt the ...values of
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relatedness to the land and apply them to our
values of science and technology. Thus, as we the
people elevate our personal, environmental and
social consciousness, the constant human struggle,
we begin to take our rightful place in the universe
-- not as conquerors, for we have conquered
nothing, but as universal custodians. In this way
we can both design our quilt and sew it together
for all generations to enjoy (Maser 1988, page
190)."

So as we work, we must be aware of the
overall quilt. We need to relate all the pieces
together and to the rest of the ecosystem. We must
bring our humanity to the issue. We must use our
humanity as the thread to relate the pieces, one to
another.

Are people apart from the forest? Or, are they
a part of the forest? Can we any longer talk of
people as something separate and alien from the
environment? I think not. We all must see more
than the trees. We must manage as a blending of
the land and the people. It is no longer wise nor
possible to separate the two.
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Ecological Concepts in Old-Growth Forest Definition'
W. H. Moir?

Abstract.—A generic definition for old growth is applied to forests of the Southwest and
southern and central Rocky Mountain region. Old growth is presented as a stage of
forest succession and structural development, and therefore requires time to develop.
While certain structural features, like patchiness and abundant snags, can occur in
younger forests, they are best expressed in old-growth forests. Old-growth forests also
are characterized by complex ecological relationships, such as detrital food webs,
mycotrophic dependencies of vascular plants, fungal-invertebrate, and fungal-inverte-
brate-vertebrate relationships, and preferential wildlife use by some species. There have
been few quantitative studies to separate mature, old-growth, and post-old-growth forest
stages. However, the age and size of dominant trees, as well as other structural features,
and complex relationships between organisms help distinguish old-growth from other

stages of forest succession.

OLD GROWTH AS A STAGE OF
FOREST SUCCESSION

A generic definition of old-growth forest in current
use by the U.S. Forest Service states that old-growth
forests are “later stage(s) in forest development which
may be distinctive in composition but are always
distinctive in structure from earlier (young and
mature) successional stages.” The words, “develop-
ment” and “successional”, are essential- they may or
may not imply a subtle distinction. Succession in-
forms us that the composition of the plant community
in earlier stages differs predictably from the plant
community of later stages. Thus, old-growth spruce-
fir may contain old lodgepole pines in mid-succession
and lack living pines at climax. Development implies
that the structure of old growth differs predictably
from the structure of earlier stages. Both concepts
may be necessary or useful. Old-growth forests
develop structurally and successionally from younger
forests only after sufficient time has elapsed. In a
word, old-growth forests are “old” forests, as deter-
mined by the oldest surviving trees from the earliest
cohort established after a stand-replacing distur-
bance. An example of old growth as a successional
stage is given in figure 1 (after Fischer and Clayton
1983).

Although structural and other features may help
characterize old-growth forests, forest age is the
essential feature. Many of the structural features
described below are also found to some degree in
earlier stages of forest succession.

In the successional sequence, old-growth forests
develop from the mature forest stage (fig. 1). Early
foresters recognized the distinction when describing
old growth as “overmature” or “decadent” forest

!Paper presented at Old-Growth Forests in the Rocky Mountains and
Southwest Conference (Portal, AZ, March 9-13, 1992).

2Plant ecologist, USDA Forest Service, Rocky Mountain Forest and
Range Experiment Station. Headquarters is in Fort Collins, in coopera-
tion with Colorado State University.
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(clearly a timber-oriented language). The develop-
ment of old growth from mature forests is usually
accompanied by both compositional and structural
changes discussed below. Quantitative attempts to
separate mature and old-growth forests using ordina-
tions and stepwise discriminant analysis are reported
for Douglas-fir forests in the Pacific Northwest (Spies
and Franklin 1991; see also Robertson, this volume).

The old-growth stage of forest development ends
with a catastrophic (stand-replacing) disturbance,
such as blowdown, severe insect epidemic, holocaust
fire, clearcutting and partial cuttings (see literature
cited for examples). The La Mesa fire in New Mexico
caused replacement of old-growth ponderosa pine
forest by an early seral stage dominated by herbs (fig.
2). Without catastrophic disturbance, the old-growth
stage may persist in accordance with climax theory.
Descriptions of climax or near-climax forests in the
Southwest and Rocky Mountain regions are plentiful
in the literature of forest classification and stand
dynamics (for review see Muldavin et al. 1990). But
age structures of some old-growth stands do not
suggest persistence. They may lose sufficient num-
bers of old trees to mortality without replacement,
and attain a post-old-growth structure which re-
sembles earlier stages of forest succession (see, for
example, Veblen et al. 1989, Miller 1970, Schmid and
Hinds 1974).

Development of forests into old growth is gradual,
so that distinction between mature and old-growth
stages may be subjective. Evaluation criteria which
help define the distinction are discussed below. The
basic criterion, however, remains stand age. Old-
growth stands are always older than mature stands.
The clock starts running at the time of stand initia-
tion, which is usually assumed to have been a stand-
replacing event such as the La Mesa fire. But, if the
implied catastrophic event is in the distant past, the
stand condition at the onset of settlement by Europe-
ans is commonly used as the starting point (e.g.,
Cooper 1960, Brisson et al. 1992).
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Figure 1. Hypothetical fire-related successional pathway.

Old-growth forest is a stand condition that is
attained through time, not a ¢ount of how many oid
trees are present. It is important to recognize that

Figure 2. Ponderosa pine snags and logs on the Pajarito Plateau,
July 17, 1986, nine years after the La Mesa fire, New Mexico.
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most old growth described in the literature developed
with minimum human interference prior to about
1880 (fig. 3). The degree to which humans affect
stand development and thus the transition into old
growth, or to which they alter old growth through
treatments so that stands are no longer old growth,
has not been resolved (see Gottfried and Ffolliott, this
volume).

HOW OLD IS OLD GROWTH?

Old-growth forests are identified on the basis of
ages of dominant trees. At what age does a forest
become old-growth forest? The age criterion is usu-
ally judged from forest dynamics and the nature of
tree mortality. In a mature forest stands have devel-
oped on the basis of competition between trees, self-
thinning, and the occasional play of other mortality
factors upon tree populations (Peet and Christensen
1987). In old-growth forests competition among
dominant trees is minor, but senescence and a wide
variety of mortality factors assume considerable
importance (Waring 1987, Franklin et al. 1987, Clark
1990). Trees in the oldest cohorts are nearing their
natural longevities as influenced by site and environ-
ment.

Table 1 indicates average tree longevities and
maximum ages that might be found in the Southwest
and Rocky Mountain regions (for trees of exceptional
old age, see Swetnam, this volume). Old-growth
forests evolve as the clock of forest succession ap-
proaches the time span of natural tree longevity.
Natural mortality of older, dominant trees then
becomes a major process of internal stand dynamics
(Harcombe 1987, Moir et al. 1992).

Successional stages of many forest ecosystems in
the Rocky Mountains have been described by Fischer
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Figure 3. Forest ranger, accompanied by a lumberman, marking National Forest timber for sale.

and Clayton (1983), Stromberg and Patten (1991),
Moir and Dieterich (1988), Dye and Moir (1977), and
Veblen (1986b). There is less information on the time
required to attain the late successional, near-climax,
and climax stages- any of which can be old growth as
the natural longevities of dominant trees are ap-
proached and natural old-tree mortality becomes
important in stand development.

The use of stand age alone to characterize old
growth has been criticized because some 200-300-
year-old stands may not have developed some or any
of the expected old-growth characteristics (Habeck
1988). This illustrates the difficulty of giving precise
definition to old-growth forests or of using age alone

Table 1. Average longevities and average maximum
ages (in years at breast height) of trees in old-growth
stands of the Southwest and southern to central
Rocky Mountains.

Tree Average Maximum Notes
Abies concolor 200 5
Abies lasiocarpa <200 400-450 1

A. 1. var arizonica 300-350 3
Picea engelmannii 500-600 1
Picea pungens 600 2
Pinus edulis 400 800-1000 2
Pinus contorta 350-400 4
Pinus ponderosa 400-450 600 2
Populus deltoides <100 2
Populus tremuloides <220 2,ramet
Populus tremuloides >1000 2,clone
Pseudotsuga menziesii 400 700 2

Notes 1 - Alexander 1987, 2 - Burns and Honkala 1990,
3 - Dye and Moir 1979, 4 - Moir et al. 1992, 5 - Moir
unpublished field notes.

to characterize them. In my experience old-aged
stands that are successionally beyond the mature
forest stage and that have minimal disturbance from
management (including altering the historical fire
regime, see Covington and Moore, this volume) will
display a variety of the old-growth features discussed
in the following section.

FOREST STRUCTURE THAT
ACCOMPANIES “AGING”
INTO OLD GROWTH

In the northern Rocky Mountains, Pfister (1987
cited in Habeck 1988) reported some structural
features of old growth forests that provide reliable
criteria for recognizing old-growth across a variety of
major forest types (see also Spies 1990). These crite-
ria are applicable in the Southwest and central and
southern Rocky Mountains where forest habitat types
are the same as, or similar to, habitat types east of
the Continental Divide in the northern Rockies. Some
combination of the following six criteria help charac-
terize old-growth forests.

1. Large, old trees

Dominant trees in the stand attain large sizes.
How large they are depends on site potential, and to
a lesser extent on stocking density (Clark 1990). In
extremely severe environments, trees may be excep-
tionally old but unimpressive in stature (Swetnam
and Brown, this volume). The vicissitudes of age are
reflected in crown and stem deformities in some, if
not most, old trees. These are the cull trees or defect
noted in many timber assessments. Old trees may



exhibit trunk rot, plant parasitism (mistletoe), rusts,
herbivory by vertebrates and invertebrates, and
other signs of involvement with other organisms, as
well as mechanical and/or weather damage to crown
and stem.

2. Low stem densities of larger trees

Old-growth descriptions in most unmanaged
stands are characterized by dominant and codomi-
nant trees at lower densities than found in earlier
stages (fig. 3). However, where fire suppression has
been in effect during the last century, many old-
growth stands have become densely stocked with
young and advanced regeneration.

There are unresolved questions concerning how
low old-tree densities can get through natural mortal-
ity or select harvest logging and still retain the old-
growth character. Similar questions arise for post-
old-growth forests in which old trees die without
replacement by another old-tree cohort. Scientists
have not addressed these questions, but guidelines
can be suggested based on the proportion of microsite
dominance by remaining live old trees, or by cultural
criteria described by Kramer (this volume).

3. Snags and logs

The content of snags and logs in old-growth stands
depends on fire history, insect epidemics, blowdown,
tree longevities, and decay rates. In old-growth
stands the greatest mass and volume of snags and
logs are produced by old-tree mortality, and can
accrue erratically (individual trees die here or there)
or episodically (groups or cohorts of trees die simulta-
neously). Except in some fire-recurrent environments
(for example, fig. 3), the number of large snags and
logs is generally high. Decay classes 2 and 3 may be
most abundant in forests approaching equilibrium
between dead-tree input and wood decay (Arthur and
Fahey 1990). Where measurements have been made,
the pulse of dead wood at stand initiation appears to
have disappeared by the old-growth stage (Harmon et
al. 1986, Moir et al. 1992).

4. Tree gaps and spatial patchiness

Old-growth forest structure is a function both of
age and stand history. Gaps and spatial patchiness
result from internal stand events which occur both
continuously and in episodes (Debell and Franklin
1987). Mortality of dominant trees creates a patchy
gap pattern in some forest types (e.g., Veblen 1986a).
Agents of gap formation include fungal diseases,
parasitic plants, insects, tree herbivores, wood rots in
combination with windbreak, windthrow (the
blowdown of otherwise healthy trees), fire hot spots,
lightning, and human activities. As development
proceeds, the gaps fill with regenerating trees. In
wetter forests gap formation has been studied both
experimentally and theoretically (Ffolliott and
Gottfried 1991, Nikolov 1992). In drier forests mosa-
ics of different-aged tree patches result from recur-
rent, low-intensity fires. Armillaria and other dis-
eases may create dead-tree pockets in ponderosa pine
forests (Wood 1983). Some old-growth forest structure
reflects insect epidemics and fires interacting at
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various intensities to create a patchwork of tree sizes
and densities. For example, severe western spruce
budworm epidemics may eliminate regeneration of
host trees locally, but dominant trees survive. The
stand appears “stagnant,” composed of large, old
mother trees but no regeneration. Elsewhere in the
stand where defoliations are less severe, regeneration
of host trees creates a multistoried canopy. Such
arrangement of fuels in turn affects the behavior of
fires (Jones 1974, Dieterich 1983, Baker and Veblen
1990).

In contrast to old-growth forests, stands in
younger stages may be more uniform, because time
has been too short for patch-forming events to take
place.

5. Structures utilized by wildlife

Sometimes we cannot adequately describe all the
significant structural variations attained by old-
growth. We may not perceive critical structural
elements of an old-growth stand, but old-growth-
dependent wildlife can. In cases where our criteria
for old-growth classification are marginal, the pres-
ence or absence of key wildlife may be decisive. The
use of some old-growth structures by wildlife may
affect old-growth structure; for example, bears
tearing up logs while feeding (LeCount 1992) or
debarking trees at squirrel midden sites (Smith and
Mannan, this volume). The interpretation of old-
growth structures from wildlife usage must be exer-
cised carefully. There are examples where microhabi-
tats occupied by vertebrates are coincidentally found
in old-growth forests as well as in other environ-
ments (e.g., Scott, this volume).

6. Tree regeneration

In old growth of mixed tree species, regeneration is
dominated by climax species, although seral trees,
such as aspen or oaks, may persist from old rootstock
or within large canopy gaps. In fire-dependent old
growth, regeneration may be dominated by fire-
tolerant species, such as pines or Douglas-fir. Tree
regeneration criteria are useful but not definitive,
since the same rules may apply to mid-successional
or mature stages of some forest types.

OLD-GROWTH FORESTS
FROM ECOLOGICAL RELATIONSHIPS

Old growth differs from mature forest in the
complexity of its ecological interrelationships. Except
in a few instances of vertebrate species, the living
interrelationships of old-growth forests have not
received much study in the Rocky Mountain or
Southwestern regions. But we have reason to believe
that complexities exist here which are similar to
those described in other temperate old-growth for-
ests.

Old-growth forests have complicated detrital food
webs. This includes the “hidden diversity” involved in
decay processes of logs and snags (Hornibrook 1950;
Hinds et al. 1965, Hinds and Hawksworth 19686,




Maser and Trappe 1984). Food webs of old-growth
forests involve fungal-small mammal relationships
(Maser et al. 1978), and arthropods and other
microzoans inhabiting the “cities of the soil” in deep
forest litter (Evans 1968), and within decaying stems
of old living trees, whose decay may involve nitrogen
fixing (Aho et al. 1974, Larsen et al. 1980). There are
food webs associated with mistletoes (Bennett 1991),
and plant-to-plant dependencies such as mycotrophy
(i.e., nutrition from fungi) of vascular plants without
chlorophyll, as in many of the Orchidaceae and
Ericaceae (Furman and Trappe 1971). There may be
mixed communities of cryptogams and associated
invertebrates on tree branches and stems (for ex-
ample, pinyon-juniper woodlands, see Wetmore
1976). Consider the abundance of ectomcorrhizae in
decaying wood (Harvey et al. 1980), together with
rotting wood as a reservoir of moisture and nutrients
and as cover for rodents that disseminate mycorrhi-
zal spores in fecal pellets: all this implicates logs and
snags to be important carryovers between old-growth
forests and the forest generation that follows. Decay-
ing logs in subalpine forests last about 150-200 years
(where measured in Colorado, see Moir et al. 1992);
they may be a major reservoir of the biological
diversity that connects old growth to the forests that
follow. The ecological functions of this linkage need
more study in this region.

Lastly, the etiology of gap processes is complex in
old-growth forests (although not. limited to old
growth), and is often mediated by fungi and associ-
ated microorganisms. This complexity of living
interrelationships in old-growth stands apparently
serves the process of forest change (Wood 1983;
Worrall and Harrington 1988).

CONCLUSIONS

Exact definitions of old-growth forest of the South-
west and southern and central Rocky Mountains
cannot be given because of the great variation in
forest environments and old-growth conditions.
However, certain ecological principles may be applied
to help conceptualize old growth. Old growth may be
considered a late stage of forest succession, which
differs in structure and composition from earlier
stages. The gradual development of old growth
results in dominant trees which are old relative to
their natural lifespans. Old trees are large, occur in
low densities, and exhibit the scars of age as crown
and stem deformities. These features, as well as
longevity itself, are conditioned by the stand environ-
ment. In absence of stand-replacing disturbances, old
tree mortality is a conspicuous feature of forest
dynamics. As a result, old-growth stands have devel-
oped a high degree of patchiness, and where fires are
infrequent or of long intervals, have accumulated
large amounts of snags and logs.

Ecological relationships include the prominence of
detrital food webs and organisms involved in decay
processes. Certain animals have preference for old-

growth forest and can be used as indicators when
adequately studied over the range of their environ-
mental tolerances.

In summary old-growth forests are “old” forests,
with well-developed structures and living interrela-
tionships that help set them apart from younger
stands.
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Oldest Known Conifers in the Southwestern United States:
Temporal and Spatial Patterns of Maximum Age'’

Thomas W. Swetnham and Peter M. Brown?

Tree-ring collections obtained from Arizona and New Mexico old-
growth forests were used to assess age structure and maximum
ages of conifer stands and trees. Mean ages of the oldest Doug-
las-fir, ponderosa pine, and pifion trees in stands selected for
maximum age varied from about 270 to 290 years. Mean ages of
the oldest Douglas-fir trees in northern New Mexico old-growth
stands not specifically selected for maximum age were about 200
years. Trees older than about 400 years (establishing before
1590) were less common in Southwestern forests, and trees older
than about 500 years (establishing before 1490) were rare. A
decrease in numbers of sampled trees in age classes establishing
before about 1590 and an increase in numbers of trees in early
1600s age classes may be related to a severe drought in the late
1500s, and a subsequent wet period in the early 1600s. Many of
the oldest stands ("super old-growth") in the Southwest are char-
acterized by stunted trees growing in sites with steep, dry, rocky
slopes. Some of the super old-growth stands, however, have
more stereotypical old-growth characteristics of closed, multi-
layered canopies, large and small diameter trees, and presence of
abundant snags and logs. Scientific values, particularly tree-ring
resources, of old-growth are high and important to studies of past

global change.
INTRODUCTION related, but not necessarily age-specific
(Franklin et al. 1981, Franklin and Spies
A fundamental attribute of old-growth 1986, Spies and Franklin 1988, Franklin and
forests is the presence of old trees. Despite Spies 1989, Southwestern Region Old-
the obviousness of this statement, it is not Growth Core Team 1992). For example,
clear how old is "old", nor is it clear that tree Pacific Northwest old-growth stands must
age can or should be used as a primary contain trees at least 200 years
criteria for identifying old-growth. Interim old, and the stands should have broad
definitions of old-growth list minimum tree diameter distributions with some trees
ages, but most of the emphasis in classifi- greater than 30 inches dbh. Proposed
cation has been on structural, composition- minimum tree age in Arizona and New
al, and ecological attributes that are age- Mexico old-growth is 150-200 years, and
trees should have diameters of 9 to 20
1. Paper presented at Workshop on inches dbh (depending upon forest cover
Old-Growth Forests in the Rocky Mountains type). Deep, multi-layered canopies and a
and Southwest: The Status of Our Knowl- minimum number of snags and logs per
edge, Portal, AZ, March 9-13, 1992. unit area are also specified. Actual tree age
2. Assistant Professor and Research distributions within regions or within old-
Specialist, respectively, Laboratory of Tree- growth stands have not been considered in
Ring Research, University of Arizona, the context of old-growth definitions.
Tucson, AZ 85721. However, the implicit importance of tree or
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stand age is evident in assessments of
stand structure indices as a measure of
"old-growthness", since actual stand ages
are the standard against which the indices
are tested (Franklin and Spies 1989).

Franklin and his colleagues argue that
old-growthness in the Pacific Northwest is a
continuum rather than a discrete state; one
cannot identify a single set of attributes and
quantities that will classify all stands as
either old or young growth. Local disturb-
ances and site-related differences have led
to a wide variety of tree ages, stand struc-
tures, and species compositions across the
landscape. Given this ecological variability,
and the many resource values contained in
old-growth (e.g., wildlife habitat, forest
industry jobs, esthetics, etc.), it is quite
reasonable that definitions should include a
broad assessment of attributes. While we
agree that multiple age-related attributes
must be considered, we submit that scientif-
ic understanding of old-growth ecosystems,
and decisions on old-growth preservation,
can benefit from a more specific examina-
tion of actual tree ages within regions and
within old-growth stands. Assessments of
tree age distributions (how old is "old"?) are
needed as a baseline to determine’the rarity
and uniqueness of particular trees and
stands.

The main subjects of this paper are the
age structure and character of the oldest
known Southwestern old-growth stands.

We will describe temporal and spatial distri-
butions of maximum ages of the four most
widespread and economically important
conifer species - ponderosa pine (Pinus
ponderosa), Douglas-fir (Pseudotsuga
menziesii), pifon pine (Pinus edulis), and
white fir Abies concolor. We will also
emphasize the distinctive characteristics of
the "oldest" old-growth stands ("super" old-
growth) in the Southwest, since qualitative
and quantitative features of these stands
are not well known among land managers
or natural resource scientists. Ancient trees
and stands in the southwest also have high
scientific values, and we will discuss some
of these values.
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Figure 1. Location of tree-ring collections
(dots) in Arizona and New Mexico, sorted
by species. National Forest boundaries are
shown (approximately). Because of close
proximity, two or more sites are sometimes
shown as a single dot.




METHODS
The Data Set

We used a unique data set to develop
an estimate of maximum tree ages in the
Southwest. A set of ring-width measure-
ments of more than 2,800 trees in 164 sites
dispersed throughout Arizona and New
Mexico was analyzed (Fig. 1). These data
were collected mainly by dendrochronolo-
gists working at the Laboratory of Tree-Ring
Research (LTRR), University of Arizona.
Since 1904, when A. E. Douglass began his
tree-ring research in the Southwest,
thousands of trees have been sampled,
dated and measured using the techniques
he pioneered (Webb 1983). Early in the
history of LTRR these collections were
extended throughout the western U. S. and
North America, and data bases now contain
collections from most temperate and boreal
forest regions of the world. Most of these
collections have been obtained for the
purpose of investigating past climate varia-
tions, and for the dating of past events,
such as construction dates of ancient dwell-
ings. Although collections are globally
dispersed, the Southwest still has the
highest concentration of sampled sites of
any region (Hughes et al. 1982, Hughes
1989).

Southwestern tree-ring collections have
been obtained and used for a variety of
purposes, but a common sampling strategy
has been to maximize the length of the tree-
ring record by selecting the oldest stands
and trees. An additional strategy in most
sites, but not all, has been to maximize
climatic sensitivity. In the Southwest these
two strategies are often complementary
because the oldest trees in arid and semi-
arid regions are commonly found in stress-
ful sites (Schulman 1943, 1954, 1956)
where year-to-year ring-width variations
tend to be high (sensitivity), positively corre-
lated among trees, and closely coupled with
climate variations (e.g., rainfall or tempera-
ture) (Fritts 1976, 1991). Although most of
the sites in our data base were at least
partly selected for climatic sensitivity, the
data includes samples from a broad range
of habitats from low to moderate productivi-

ty sites, in piflon-juniper woodlands at
elevations of about 1,350 m up to mixed-
conifer forests at elevations of 3,200 m.

In general, the collection of tree-ring
samples from the Southwest is a highly
stratified data set. They are the result of
more than 80 years of efforts by dendro-
chronologists to find the oldest trees and
stands. The selective nature of these col-
lections has advantages and disadvantages
in assessing age structure. On the one
hand, clearly, they cannot be used to
characterize the overall age structure of
Southwestern conifer forests. On the other
hand, they are a very useful data set for
assessing maximum tree and stand ages in
this region.

We began data compilation by review-
ing individual site collections contained in a
ring-width database used at LTRR. Be-
cause of time limitations only sites from
Arizona and New Mexico (referred to here
as the "Southwest") were included in our
sorting of the data (Fig. 1). Future investi-
gations could extend the analyses to por-
tions of the Colorado Plateau in southern
Utah and Colorado, and in the Southern
Rockies in Colorado, where the densities of
sampled tree-ring sites are as high, or
nearly so, as in Arizona and New Mexico.

In addition to 143 sites from throughout
Arizona and New Mexico we also compiled
and analyzed a systematically sampled set
of 21 stands from the Carson and Santa Fe
National Forests in northern New Mexico.
These stands were selected for a study of
western spruce budworm history in this
region (Swetnam and Lynch 1989, Lynch
and Swetnam, this volume). These stands
were old-growth mixed-conifer with Doug-
las-fir and white fir as primary components,
and they have had minimal or no human
disturbance. Douglas-fir and white fir trees
were sampled at evenly spaced points
along transects. Three or four evenly-
spaced transects were approximately
centered in the stands and the nearest
Douglas-fir and white fir to each point were
cored. Tree sizes down to about 20.3 cm
dbh (8 inches) were cored. A total of about
15 trees of each species were sampled in




this manner. We also selectively sampled
an additional five of the oldest appearing
Douglas-fir and white fir in each stand to
obtain the longest (oldest) tree-ring record
possible for each stand. Hence, this data
set contained a broader range of size and
age classes than the larger regional data
set, but oldest trees within the stands were
still disproportionally represented.

Analyses

Each of the site data files typically con-
tained two radial measurement series from
each of at least 10 trees. In some cases,
many more trees were sampled per site
(e.g., 30 or more). The year of the first
measured ring was extracted from each
radial series from each site. The shortest of
the two series from the same tree (later
innermost ring date) was deleted. The re-
sulting data was a list of inner-most meas-
ured ring years (dates), identified by site,
tree, and species.

The inner-most ring years were not
germination or establishment dates. The
samples were increment cores taken from
the lower trunk from at a height of about 1.5
m to about 25 cm from ground level. The
pith was infrequently included in the
samples (we estimate less than 10% of the
time), although most cores probably extend
near to the pith, so that in the majority of
cases inner-most measured rings were
within a few years to a decade of the pith.
Thus, we estimate actual germination dates
of the trees usually varied between about 5
and 20 years earlier than the inner-most ring
dates. Because of these uncertainties, we
grouped the inner-most ring dates into 20-
year age classes for assessment of tempo-
ral patterns. Frequency distributions were
compiled for each species and plotted on
the first year of the 20-year age classes.

RESULTS
Regional Maximum Age Distribution
All three of the major conifer species
had a maximum age distribution that is

more or less bell-shaped, with means and
modes centered around the late 1600s and
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Figure 2. Distribution of all trees sampled
within sites in Arizona and New Mexico,
sorted by species. The percentages of
inner-most ring dates or trees falling in
each age class are plotted on the first
year of the twenty-year age classes. For
example the age class shown at the
1600 tick mark includes trees with inner-
most ring dates falling between 1601
and 1620. Species abreviations are:
PSME = Douglas-fir, PIPO = pondero-
sa pine, PIED = pifion.

early 1700s (Fig. 2). The mean ages (years)
of all trees in the data sets, and modes of
the twenty-year age class (innermost ring
dates) were, respectively: Douglas-fir 289
years, 1700; ponderosa pine 279 years,
1680; and pifion 278 years, 1680. The age
distributions also had a long "tail" of fewer
older trees that established before about
1580 (Fig. 2). The lower percentages of
trees in more recent age classes (i.e., post-
1800) are mainly a reflection of the sam-
pling strategy which typically targeted only

1900
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Figure 3. Distribution of five oldest trees
from 143 sites in Arizona and New
Mexico, sorted by species and state. As

in Fig. 2, percentages falling in each age

class are plotted on the first year of the
twenty-year period.

the oldest stands, and oldest trees within

stands. A sorting that included only the five

oldest trees within each site had a similar
pattern, although modes of the Douglas-fir
and ponderosa pine were shifted to older
twenty-year age classes (1660 and 1620,
respectively) (Fig. 3).

Age distributions of Douglas-fir and
white fir sampled systematically in the 21
stands from northern New Mexico (Fig. 4)
reflect the dominance of younger age
classes that would generally be expected in
uneven-aged stands with a pattern of more-
or-less continuous recruitment and mortali-
ty. The lower number of individuals in age
classes after 1920 was probably due a lack
of sampling of trees smaller than 20.3 cm
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Figure 4. Distribution of all trees systemati-
cally sampled in 21 mixed-conifer
stands in northern New Mexico. ABCO
= white fir.

dbh. White fir were generally younger than
the Douglas-fir (Fig 4.), although we sus-
pect that the lack of older inner-most ring
dates is partly due to the fact that many of
the oldest trees of this species had heartrot
and hollow interiors.

The oldest Douglas-fir trees in these
stands were considerably younger than the
oldest trees in the larger regional set (Figs.
2 and 3). For example, the median age of
the larger regional set was about 275 years
(establishing before 1716), whereas less
than 23% of the Douglas-fir sampled in the
21 northern New Mexico stands were older
than this. An even smaller percentage of
such older trees (relative to all trees) are
present in the northern New Mexico stands,
because we also sampled at least five of the
oldest appearing trees. This suggests that
the oldest trees within the regional data set
of old-growth stands (as described by dis-
tributions in Figs. 2 and 3) may comprise a
relatively small proportion of the total stock-
ing of more typical old-growth stands of
northern New Mexico (i.e., those not specif-
ically selected for maximum age).

Dendrochronologists working in the
Southwest have known for a long time that
trees up to about 350-400 years of age




(establishing in the period from about 1600
to 1640) could usually be found in most
mountain areas, but trees older than this
were more difficult to locate. This phe-
nomenon is reflected in the decline in inner-
most ring dates before 1600 (Fig. 2 and 3),
especially in Douglas-fir. This pattern
shows up most clearly in Fig. 3, especially
as fewer trees in the mid to late 1500s age
classes, and larger numbers of trees in the
early 1600s age classes. Ponderosa pine in
New Mexico appear to be an exception to
this pattern. The classification by twenty-
year periods, necessitated by uncertainty in
the relation between our inner-most ring
dates and actual germination or establish-
ment dates, tends to obscure the actual
date of decline in number of trees sorted by
age class. However, the age distribution
within many individual sites show the oldest
trees (including pith dates) establishing in
the early decades of the 1600s, with only a
few, or no trees establishing earlier. The
lower number of inner-most ring dates
before the late 1500s could be a reflection
of higher mortality rates, lower regeneration
rates, or both, before this time. This pattern
could also simply be measure of some
physiological age limit for these species,
although the fact that we can find some
trees and stands that are much older seems
to counter this argument.

These observations led us to hypothe-
size that an event or events in the late 1500s
and early 1600s affected the mortality and
regeneration patterns of conifers through-
out the Southwest. An obvious possible
cause for such a pattern is climate change.
Tree-ring width chronologies are the best
available source of information on climate
variations on these time scales, but the
decline in sites with trees old enough to
reflect changes during the late 16th and
early 17th century somewhat limits our abili-
ty to examine climate change during this
period. Fortunately, a tree-ring chronology
network derived from living trees and
archaeological specimens (beams and
timbers from ancient dwellings) has recently
been used by dendrochronologists to
reconstruct the past 1,000 years of winter-
spring precipitation (D’Arrigo and Jacoby
1991) and spatio-temporal variations in tree-
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Figure 5. Precipitation variations in New

Mexico can be inferred from the tree-
ring-width index chronologies from
ancient limber pines at the Elephant
Rock site (A) and Douglas-fir at El
Malpais site (B). These time series were
smoothed with a 13-weight symmetrical
filter (Fritts 1976). See text for descrip-
tions of the sites. Dendroclimatic study
(Grissino-Mayer et al., in preparation)
shows that the limber pine have a
strong spring-summer precipitation
response. The El Malpais Douglas-fir
reflect primarily winter-spring precipita-
tion. Tree-ring reconstructed winter
precipitation from living tree and ar-
chaeological samples from northwest-
ern New Mexico is shown in the bottom
plot (C) (modified from D’Arrigo and
Jacoby 1991). All three time series
show the severe late 1500s drought,
especially the El Malpais indices (B) and
the winter precipitation reconstruction
(C). The reconstruction ends in 1970.




Table 1. Oldest known living trees (at time of sampling) of various tree species in Arizona and

New Mexico.
Dateof  Date Number of
Species Inner Ring Sampled Years Site Name Location
ponderosa pine 1243 1984 742 Mount Bangs Mt. Bangs
(Pinus ponderosa) S.E. of Littlefield, AZ
Douglas-fir 1062 1991 930 Bandera El Malpais National Mon.
(Pseudotsuga south of Grants, NM
menziesii)
pifion 1295 1960 666 Mariano Lake =~ N.W. of Gallup, NM
(Pinus edulis)
bristlecone pine 547 1984 1,438 San Francisco San Fran. Peaks
(Pinus aristata) Peaks N. of Flagstaff, AZ
limber pine *320 1989 1,670 Elephant Rock  Sangre de Cristo Mtns.
(Pinus flexilis) E. of Questa, NM
Southwestern +1454 1991 538 Camp Point Pinalefio Mtns.
white pine S.W. of Safford, AZ
(Pinus strobiformis)
white fir 1655 1987 333 Alamitos Sangre de Cristo Mtns.
(Abies concolor) S. of Angostura, NM
Engelmann spruce 1696 1990 295 Emerald Peak Pinalefio Mtns.
(Picea engelmannii) S.W. of Safford, AZ
gambel oak +1587 1987 401 Beaver Creek Beaver Creek
(Quercus gambelli) S. of Flagstaff, AZ

* + indicates inner-most ring date is estimated from a ring count only, while other dates are

dendrochronologically crossdated.

ring growth (Graybill, pers. comm.) in
northwestern New Mexico and northeastern
Arizona. We also have recently discovered
ancient tree sites in north central and west
central New Mexico that provide an esti-
mate of climate variations through the
relevant time period (Grissino-Mayer et al.,
in preparation).

The tree-ring width data indicate that a
severe drought occurred in the late 1500s,
followed by very moist conditions during the
early 1600s (Fig. 5). Spatial analysis of tree-
growth variations in the archaeological tree-

ring set indicate that this response, particu-
larly the drought, was more pronounced in
northwestern New Mexico than in north-
eastern Arizona (Graybill, pers. comm). The
sorting of oldest trees within sites by state
(Fig. 3) generally shows fewer trees estab-
lishing or surviving before the late 1500s in
New Mexico (no Douglas-fir are included in
the 1560 age-class) although ponderosa
pine does not show an obvious sharp de-
cline in numbers of trees before 1600. A
pronounced increase in numbers of inner-
most ring dates in the early 1600s age
classes is observed in Arizona sites, espe-
cially Douglas-fir and pinon (Fig. 3).




Figure 6. Strip-bark limber pine at the Elephant Rock site, west of Red River, New Mexico.
Scattered trees and steep slopes visible in the background are typical of this site and other

super old-growth stands.
"Super" Old Growth

Many other tree-ring collections from
the most ancient stands and trees in the
Southwest are not included in the data set
compiled for the age distributions dis-
cussed in the previous section. This is
because they are from other species not
considered, or ring-width measurements
have not been obtained from them yet. The
oldest known trees of various Southwestern
species are reported for the first time here
(Table 1). Recent discoveries of very an-
cient Douglas-fir trees in several sites, and
the oldest known trees the Southwest -
limber pines in the Sangre de Cristo Moun-
tains - deserve special descriptions be-
cause they illustrate several characteristics
of "super old-growth" in this region.

Elephant Rock Limber Pines

In many ways this site epitomizes the
"classic" type of site that dendrochronolo-
gists look for to sample maximum age
conifers with climate-sensitive ring-width
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patterns. It is located on a very dry, steep,
south facing slope (Fig. 6). The trees are
widely spaced, stunted, and many have
spike-tops, and "strip-bark" growth form.
Numerous living trees at this site are over
800 years old. The oldest tree we have
sampled so far is well over 1,600 years old
(Table 1).

This site is on the Carson National
Forest, a few kilometers west of Red River,
New Mexico. Although the site is clearly not
suitable for timber harvesting because of
the extreme low productivity and steep
slope, it could be threatened by future road
building, or mining activity (a large molyb-
denum mine is only a few kilometers away).

Before we discovered this stand, the
oldest known trees in the Southwest were
the ancient bristlecone pines on the San
Francisco Peaks near Flagstaff, Arizona
(Table 1). As in many super old-growth
stands, remnant snags and logs on the
ground surface also contain ancient and
valuable tree-ring records (Fig. 7).
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Figure 7. Ancient snags and logs, such as
this partially buried limber pine log at the
Elephant Rock site, are a valuable tree-
ring resource because they help extend
the tree-ring record back in time. A
short increment core was taken from the
outer shell of this hollow log. The
innermost ring, which was obviously
quite far from the original pith, was
crossdated at A.D. 767, and the outer-
most ring dated at A.D. 1231.

El Malpais Douglas-Fir

This site also appears to be an extreme
situation for conifer growth. Very stunted
Douglas-fir trees are growing in crevices
and small pockets of soil accumulated on
the Bandera lava flow in El Malpais National
Monument, south of Grants, New Mexico
(Fig. 8). Although the lava field is broken
and undulating, the trees are apparently in
stable and more-or-less level micro-sites.

We have sampled dozens of trees here with
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inner-most ring dates in the late 1200s to
early 1300s. The oldest living tree sampled
so far has a pith date of A.D. 1062. This is
the oldest inland Douglas-fir (Pseudotsuga
menziesii var. menziesii) that has ever been
reported. Maximum ages of the coastal
variety of Douglas-fir (P. menziesii var.
glauca) reportedly exceed 1,000 years
(Hermann and Lavender 1990).

The harsh conditions of this site have
severely stunted the trees, but they are not
subject to significant competition or spread-
ing fires. Even though moisture is limited,
and the annual rings have high year-to-year
variation, good thermal insulating or water
retaining properties of the lava may provide
the trees with a relatively consistent water
supply through the centuries that rarely is

Figure 8. Oldest known inland Douglas-fir
growing in a small pocket of soil on the
Bandera lava flow in El Malpais National
Monument, south of Grants, New
Mexico.



Figure 9. Ancient tree site on Mount Graham, near Safford Arizona. The oldest trees found on
this site are among the large boulders on the steep slope (center of photograph), but other
ancient trees, living and dead, are also found nearby.

so low that trees die from drought stress.
The surprising lesson of this stand is that
very ancient stands sometimes occur in
highly unusual habitats that do not fit the
usual expectations of where to find super
old-growth, or of what it looks like.

Mount Graham Douglas-fir

In terms of moisture stress this site
could be characterized as intermediate.
Like the Elephant Rock site, it is on a steep
slope, but tree density and overall site

productivity are higher. The oldest trees are

found on a rocky, south facing slope of
Mount Graham just below a relatively level
bench where road construction and logging
has taken place in the recent past (Fig. 9).
Several 600 to 700 year old Douglas-fir
trees have been sampled here. The oldest
tree has an inner-most ring date A.D. of
1257. The inner-most ring of a snag was
dated at A.D. 1102, and fire-scarred logs of
southwestern white pine (Pinus strobifor-
mis) have been dated back to A.D. 1380.
We are unaware of any immediate threats
(such as road building or harvesting) to the
ancient trees we know about on this
mountain, but the overall environmental
sensitivity of this area is well known as a

result of the heated controversy over the
endangered Mt. Graham red squirrel
(Tamiasciurus hundsonicus subspecies
grahamensis) and the building of an astro-
nomical observatory, which is only about 3
km from the ancient trees (Pennisi 1989,
Waldrop 1990).

Rito Claro and Bonita Douglas-fir

These stands are quite different from the
other super old-growth stands just de-
scribed. Both sites are in Cabresto Canyon
on the Carson National Forest east of
Questa, New Mexico. The Bonita site (Fig.
10) would probably easily classify as old-
growth based on the presence of many
relatively large diameter Douglas-fir and
white fir, multiple canopy levels, and
abundant snags and logs. Although struc-
turally this stand appears similar to many
other old-growth forests we have sampled
in northern New Mexico (see Lynch and
Swetnam, this volume), it is unusually old
and contains many trees (especially Doug-
las-fir) that established in the 14th century.
Part of the stand is on a north facing slope,
but many of the oldest trees are on a rela-
tively level bench just above the canyon
floor.



Figure 10. The Bonita stand east of Questa, New Mexico. This stand has typical old-growth
characteristics that would probably match interim definitions, but maximum ages of trees
are atypical. Many trees here are over 600 years old.

At first glance it is not at all obvious that
the Rito Claro stand is ancient. In fact, it is
one of the oldest Douglas-fir stands ever
sampled in the Southwest. The site is on a
south facing slope that is not especially
steep (about 20%), tree diameters are
generally small (most trees < 30 cm dbh),
tree density is moderate, and the stand is
primarily composed of Douglas-fir. Snags
and logs are present, but they are not as
abundant as in the Bonita stand. We
sampled more than 60 trees in this stand,
and among this collection ten trees had
inner-most ring dates in the mid to late
1200s, and four other trees had inner-most
ring dates before 1230. The oldest living
Douglas-fir had a pith date of 1210 (Fig. 11).

Figure 11. Oldest Douglas-fir tree in the
Rito Claro stand (left of center, with forked
stem).




DISCUSSION AND SUMMARY

The Southwestern tree-ring data we
have analyzed represents only a small
proportion of stands that potentially qualify
as old-growth. However, this data set is
useful as a documentation of the maximum
ages of conifer trees that can be found in
this region. Because these data are the
product of many years of effort to identify
the oldest stands, and the oldest trees
within stands throughout the region, we
argue that the compiled age distributions
(Figs. 2, and 3) offer an estimate of what is
"rare" in terms of age. The maximum age
distributions of three major conifer species -
Douglas-fir, ponderosa pine, and pifion - all
confirm what dendrochronologists have
generally known for many years: Super old-
growth stands with trees over 400 years old
(establishing before ca. 1590) are some-
what rare, and stands with trees over about
500 years old (trees establishing before
about ca. 1490) are very rare.

The available tree-ring chronologies that
extend back through the 1500s and earlier
show that a very pronounced drought
occurred in the late 1500s (Fig. 5). This
offers a possible climatic explanation for the
temporal pattern of decreased numbers of
inner-most ring dates before about 1600.
Our sorting of inner-most ring dates by state
(Fig. 3) was arbitrarily defined by the state-
line, and the resulting distribution by spe-
cies and state do not show entirely consist-
ent patterns. For example, ponderosa pine
in New Mexico does not show an obvious
decline in numbers of inner-most ring dates
in the late 1500s, but both Douglas-fir and
pifion in both Arizona and New Mexico do
exhibit such a decline. The Arizona Doug-
las-fir and pinon sites have a more pro-
nounced increase in numbers of inner-most
ring dates in the early 1600s than the New
Mexico sites.

Overall, the specific importance, if any,
of the late-1500s drought or the subsequent
wet period, to the dynamics and age struc-
ture of these species is not clear. We do
not know if the important effect is on mortal-
ity or regeneration rates, or both. The co-
occurrence of these climate changes and
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the age distribution changes could be
coincidental, or the relations could be indi-
rect through other climate-related factors,
such as disturbance (e.g., fires and insect
outbreaks). Better time resolution in the
age distributions (annual to decadal) may
be needed to verify that a real change in
age structure has occurred during this
particular time period, especially since it
occurs near the tail of the more-or-less bell
shaped curves of the overall distribution

(Fig. 2).

The super old-growth stands that are
highly valued by dendrochronologists for
scientific reasons (see discussion below),
are distinctly different from the conception
of old-growth that many land managers,
and the public may have. The controversial
endangered species issues of the Pacific
Northwest (i.e., the spotted owl) have im-
printed the image of old-growth as stately
monarch trees with shafts of sunlight
streaming down through tall, dense cano-
pies. The Southwest does contain old-
growth stands that fit this stereotype, but
many of the oldest conifer stands in the
Southwest do not. Structurally they are
more "woodland" than "forest". The stands
are often very open with sparse understory,
and trees may be stunted in diameter and
height. Sites are typically on steep slopes,
with shallow rocky soils, and consequently,
productivity (especially tree growth rates) is
very low. Most of these sites are unlikely to
be targeted for timber harvest. However,
they are occasionally threatened by other
human disturbances, such as fuelwood
cutting, road building, or other develop-
ment. Currently, the definitions for old-
growth do not clearly include this special
kind of old-growth.

It is also true that not all Southwestern
super old-growth stands fit the descriptions
given above. The Bonita stand, and to a
lesser degree the Mount Graham stand, are
examples of closed-canopy forests that
more closely approximate the interim defini-
tions of old-growth, and could be (and have
been in the case of the Bonita stand) in-
cluded in timber sales. While economically
harvestable stands containing structural




aspects fitting the broader definitions of old-
growth, such as Bonita, might be protected
in some measure in the future, other poten-
tially harvestable super-old-growth stands,
such as Rito Claro, may "slip through the
cracks". We have no clear solution to this
problem, other than suggesting that timber
sale planning and preparation include an
assessment of maximum tree age within
stands by taking increment cores and
counting the rings. Dendrochronologists
and other scientists who know about an-
cient stands with high scientific values
should make an effort to point out these
stands and their values to land managers.

Most of the foregoing discussion
presumes that there are inherent resource
values in super old-growth, distinguished
primarily by exceptional old age, that are
worthy of special consideration (e.g., pres-
ervation). As dendrochronologists our
professional interests (bias!) in old trees are
obvious, but we do feel that the scientific
values of old-growth are very broad-based
and significant. For example, tree-rings in
old-growth contain information on past
variations in rainfall, temperature, stream-
flow, forest fires, insect outbreaks, pollution,
and many other aspects of forest ecosys-
tems (Fritts and Swetnam 1989). Many
different kinds of measurements of tree-
rings, such as width, density, and isotopic
composition have been used to learn about
long and short-term changes in the envi-
ronment. Tree-ring records, especially long
ones, have been specifically targeted by U.
S. national and international global change
research programs as a key source of
information on past changes that have
occurred on the planet (EPA 1989, USFS
1990, IGBP 1990).

In a strict sense one could argue that
even 700-year old trees are "renewable”,
however, the unique environmental histories
they record are not. The history contained
in these stands, in both the living and dead
trees, is fundamentally an irreplaceable
scientific resource, and this is a history we
don’t know enough about. Only a few
dozen tree-ring records in the world extend
back more than 700 years before present,
but this period is of great interest and

importance to climatologists and ecologists
because it encompasses significant shifts in
global climate. For example, the medieval
period (about A.D. 1000 to 1300) may have
been marked by a general "warming", and
then a cooling period known as the "Little
Ice Age" (from about 1300 to mid-1800s)
may have affected many areas of the world.
However, the timing, magnitude, and spatial
extent of these climatic events are poorly
known, especially in North America. Im-
proved understanding of these climatic
phenomena is essential for developing and
testing realistic predictive models of global
change.

The Southwest happens to be one of
the few places in the world where sufficient-
ly long and sensitive tree-ring records can
be found to study climate and ecological
variations during the past millennium. At
the very least, "salvage" of valuable tree-ring
records prior to disturbing super old-growth
stands is warranted. Long-term protection
is also justified by the need to resample and
study these sites in the future. Resampling
in the future will offer the chance to apply
new analytical techniques to new scientific
questions. Additional years of independent
environmental observations will also in-
crease our ability to interpret and under-
stand tree-ring records (Van Pelt and
Swetnam 1990).

The emphasis of the preceding para-
graphs has been on old-growth stands as a
tree-ring resource. There are many other
scientific uses of old-growth, including the
study of population dynamics, genetics,
nutrient cycling, community ecology, etc.
We understand that many resource values
other than purely scientific ones have
dominated the public discourse on old-
growth, particularly the values of endan-
gered animal species, and jobs for people.
Nevertheless, we hope that recognition of
the rarity of certain ancient stands and trees
in the Southwest, and their scientific values,
will lead to a broader and more complete
assessment of the resource values that are
at stake.
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Carbon, Water, and Nutrient Relations — Distinguishing
Functional Features of Old-Growth Lodgepole Pine
Forests in the Southern Rocky Mountains’

Merrill R. Kaufmann?

The vegetation in forest ecosystems is composed of carbon, water, and
nutrients. Old-growth forests differ functionally from younger forests in patterns
of distribution and in processes involving carbon, water, and nutrient resources.
Old-growth forests store large amounts of carbon in live biomass, but net
productivity of old stands is generally near zero because new photosynthate is
offset by respiration and the mortality of trees and tree parts. Large amounts of
nutrients may be unavailable for new growth in old stands because they are held in
living or dead biomass. Leaf area of old-growth stands is generally lower than in
more productive younger stands. Leaf area may vary dramatically in old trees of

similar size and age, perhaps as a function of the early growth history of
individual trees. Reduced leaf area in old stands may contribute to lower
transpiration and interception of water, and perhaps to increased water yield from

catchments.

INTRODUCTION

Traditionally, old-growth forests were viewed
primarily as reservoirs of wood products. Old-growth
stands were often selected for commodity production
because high standing timber volumes and minimum
investments made them economically attractive. In
certain areas such as subalpine forests, an added benefit
of harvest was the increase in water yield following
clearcutting.

The last decade has seen a dramatic shift toward
considering forest lands as ecosystems rather than tree
farms. The change in views of forest managers has
been remarkable, with the present view no longer
exclusively focused on commodity production, but
rather focused primarily on sound, sustainable
ecosystem management. In the context of the function
and management of ecosystems, new questions have
arisen about the ecophysiology of old-growth forests.

The summary paper of this volume (Kaufmann
etal. 1992) notes that old-growth forests not only have
certain structural and compositional characteristics

! Paper presented at Old-Growth Forests in the
Rocky Mountains and Southwest Conference (Portal,
AZ, March 9-13, 1992).

? Merrill R. Kaufmann is Principal Plant
Physiologist, USDA Forest Service, Rocky Mountain
Forest and Range Experiment Station, Fort Collins,
CO.
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related to community function, but they also have
important ecophysiological processes that set them
apart functionally from other successional stages.
Carbon, water, and numerous macro- and
micro-nutrients are the principal constituents of a forest
community, and their study is helpful in understanding
forest ecosystem function. Carbon in particular plays a
major role in almost every distinguishing structural
characteristic of old-growth forests (see the old-growth
description given in Kaufmann et al. 1992). Carbon is
the major constituent of live biomass (foliage, stem,
and roots) and dead phytomass (standing and down
woody debris, and litter and humus on the forest floor).
The aggregate of changes in each of these components
determines the carbon balance of a forest stand.

Because nutrients and water interact with the
carbon cycle and are involved in processes affecting
carbon balance and distribution in forests, these
materials also are critical in forest ecosystem function
and the development and persistence of the old-growth
condition. Nutrients are required both for plant growth
and for decomposition. Because water provides the
medium in which cellular activities occur and nutrients
are transported, water deficits affect growth and
decomposition processes. In many forest ecosystems,
nutrients (principally nitrogen) and water limit the rates
of plant growth and decomposition (Miller 1981).

This paper focuses on how carbon, water, and
nutrients influence ecophysiological processes during
various developmental stages of lodgepole pine forests.




PATTERNS OF CARBON ACCUMULATION

The pattern of carbon accumulation in forests
depends on the forest type and the structure and
successional pathway following disturbance. In an
even-aged lodgepole pine forest (and also presumably
in ponderosa pine) developing from a stand-replacing
disturbance such as fire, a large amount of carbon may
be present in dead wood from the previous forest. As
this dead wood decays over time, new trees rapidly
accumulate carbon in new biomass, perhaps for well
over a century. Eventually the forest matures and the
rates of height and volume growth decrease.

While individual trees may continue to grow
and become a part of the old-growth cohort, the growth
of these trees is often offset by mortality of other
individuals. Mortality in a 300-year-old lodgepole pine
stand on the Fraser Experimental Forest in Colorado is
about 0.5 percent of the population per year and
appears to be increasing as the stand ages (W. Moir,
personal communication). This mortality rate is similar
to rates of 0.5 - 1.0 percent per year found in younger
stands.

Old-growth forests subjected to disturbance
such as fire or insect attack are commonly reset
ecologically to an earlier successional stage or, where
seed sources are available, develop an uneven-aged
structure through ingrowth and release of Engelmann
spruce and subalpine fir. The frequency of fires is
greater at low elevations and on south-facing slopes
than at higher elevations and on north-facing slopes.
Successional status and stand structure reflect these
differences in disturbance history (Romme and Knight
1981). In forests with even-aged structure that have
remained undisturbed for long periods of time or those
subjected to only minor disturbances through time that
favor development of multiple canopy layers, carbon
accumulation may reach a stable point in which growth
and mortality are roughly equal.

Whatever the initial structure, the development
of the old-growth character includes a strong tendency
for the production of new living biomass to be offset by
mortality and respiration, so the net stand growth
approaches zero and the total live biomass remains
fairly constant (Jarvis and Leverenz 1983, Pearson et
al. 1987, Waring and Schlesinger 1985). Furthermore,
the growth efficiency (amount of biomass produced per
unit of incoming solar energy) is lower in old stands
than in young ones. However, successional stages,
such as dog-hair lodgepole pine, may develop in which
net productivity of the stand is reduced to zero before
old trees exist, in which case the stand fails to meet
old-growth conditions. Thus the functional stand
feature of net productivity being near zero is not, by

Carbon (g/m2)

itself, a distinguishing characteristic of old-growth
forests any more than is structural complexity,
which also may occur without old trees.

The spatial and temporal distribution of carbon
among various components of a lodgepole pine forest
is represented in Figure 1. These data were collected
for several stand ages on the Fraser Experimental
Forest in northern Colorado (Ryan and Waring 1992).
Younger stands accumulated carbon in new wood
rapidly, but the rate declined sharply after 50 years. No
data were collected for the age period 100 to 260.
During this time there was a slight increase in the
amount of carbon in wood, but much of this may have
occurred well before the trees reached 270 years of age.
Thus while the rate of change in various carbon-storing
components is not known at 270 years, there probably
was little net carbon gain at this late stage of stand
development. Individual trees undoubtedly still
accrued carbon, but this was probably offset by losses
from mortality, woodrot in living trees, and increased
respiration.

Changes in carbon pools in a lodgepole pine
forest result from differences in annual carbon flux to
various constituents of the stand. The annual carbon
flux to wood is highest early in the life of the stand
(Fig. 2). This corresponds to the period of most rapid
increase in total wood (Fig. 1). Foliage production
reaches a maximum when the canopy fully closes and
declines slightly through the remaining life of the
stand. Litterfall includes foliage, branches, and bark
and is slightly larger than annual foliage production.
Root production remains fairly high throughout the life
of the stand, but much of the annual carbon flux to
roots is lost by fine root turnover.

A major portion of the annual carbon fixed is
lost through respiration (Fig. 2). Two types of
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Fig. 1. Changes in carbon stocks for lodgepole
pine over time. (Unpublished data of M. G. Ryan
developed from allometric relationships; see also Ryan
and Waring 1992.)
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Fig. 2. Annual carbon fluxes over time for
lodgepole pine (note non-linear lower axis).
(Unpublished data of M. G. Ryan developed from
allometric relationships; see also Ryan and Waring
1992.)

respiration occur. All living tissues require respiration
to maintain the system (maintenance respiration), and
growing tissues require additional carbon for
respiration during the growth process (growth or
construction respiration) (Amthor 1989). The relative
importance of these two types of respiration changes
over time (Fig. 3). Early in the life of the stand, more
carbon is used for growth respiration and biomass is
accumulating rapidly, while the total respiring biomass
being maintained is still relatively low. As the stand
matures, the growt